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Over the past two decades, the incidence of infections due to Candida glabrata, a yeast with intrinsic low
susceptibility to azole antifungals, has increased markedly. Respiratory deficiency due to mutations in mito-
chondrial DNA (mtDNA) associated with resistance to azoles frequently occurs in vitro in this species. In order
to specify the relationships between respiration and azole susceptibility, the effects of respiratory chain
inhibitors on a wild-type isolate of C. glabrata were evaluated. Respiration of blastoconidia was immediately
blocked after extemporaneous addition of potassium cyanide, whereas a 4-h preincubation was required for
sodium azide. Antifungal susceptibility determined by a disk diffusion method on Casitone agar containing
sodium azide showed a significant decrease in the susceptibility to azoles. Biweekly subculturing on Casitone
agar supplemented with sodium azide was therefore performed. This resulted after 40 passages in the isolation
of a respiration-deficient mutant, as suggested by its lack of growth on glycerol-containing agar. This respi-
ratory deficiency was confirmed by flow cytometric analysis of blastoconidia stained with rhodamine 123 and
by oxygraphy. Moreover, transmission electron microscopy and restriction endonuclease analysis of the
mtDNA of mutant cells demonstrated the mitochondrial origin of the respiratory deficiency. Finally, this
mutant exhibited cross-resistance to all the azoles tested. In conclusion, blockage of respiration in C. glabrata
induces decreased susceptibility to azoles, culminating in azole resistance due to the deletion of mtDNA. This
mechanism could explain the induction of petite mutations by azole antifungals which have been demonstrated
to act directly on the mitochondrial respiratory chain.

With the development of antibiotic treatments, the wide-
spread use of immunosuppressive therapy, and the emergence
of the AIDS epidemic, the incidence of life-threatening fungal
infections has increased significantly worldwide over the past
two decades (3). The major agents of fungal infections are
Candida species, and among them, Candida albicans is the
most frequent, representing about 50% to 60% of overall yeast
isolates (19). However, as a consequence of the resulting ex-
tensive use of antifungal agents, a shift in the nature of the
infecting organisms has been reported (17). C. albicans re-
mains the most frequent causative agent, but infections due to
other yeast species such as Candida glabrata and Candida kru-
sei are increasingly reported (20).

Azole antifungals are widely used in current therapies
against these infections. Fluconazole, a water-soluble triazole
with greater than 90% bioavailability after oral administration,
has been used extensively in prophylaxis and therapy of can-
didosis in organ and bone marrow transplant recipients, pa-
tients undergoing chemotherapy, and AIDS patients (4, 23).

However, fluconazole-resistant isolates of C. albicans have
been reported increasingly since 1990 in many immunocom-
promised and immunosuppressed patients (17). Moreover, it is
now well established that the prolonged use of ketoconazole or
fluconazole may give rise to the emergence of C. glabrata
infections (4, 17, 20). Thus, C. glabrata, which was for a long
time the second most frequent yeast in candiduria and vulvo-
vaginal candidosis, has also become the second most frequently
isolated yeast species in candidemia and systemic mycoses (10).
For instance, its frequency in candidemia increased from 2% in
1987 to 26% in 1992 in the United States (22) and from 6% in
1987 to 17% in 1995 in the Netherlands (36).

In a recent study of the Sentry Program realized in the
United States, Canada, Latin America, and Europe, 55% of
the yeast bloodstream infections were due to C. albicans, fol-
lowed by C. glabrata and C. parapsilosis, each accounting for
15% of these mycoses (19). Likewise, similar frequencies in
candidemia have been reported in Alabama over a 6-year pe-
riod (1995 to 2000) for C. albicans and C. glabrata (50% and
24%, respectively) with 10% of fluconazole-resistant C. gla-
brata isolates (2).

Different mechanisms have been suggested to be involved in
resistance of clinical yeast isolates to azole antifungal agents.
Azole resistance may result from an increased cellular content
of the azole target Erg11p, a hemoprotein supporting lanos-
terol 14�-demethylase activity (15, 27, 38), or from a reduced
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affinity of azoles for Erg11p because of point mutations in the
corresponding ERG11 gene (14, 25, 35, 39). More frequently,
resistance has been mediated by overexpression of genes en-
coding efflux pumps that reduce intracellular drug accumula-
tion (16, 21, 26, 27, 38). In addition, alterations of the mem-
brane sterol composition have been described in some resistant
isolates (12).

Concerning C. glabrata, we showed previously that muta-
tions in mitochondrial DNA (mtDNA) frequently occur in
vitro, leading to a respiratory deficiency associated with resis-
tance to all the azole compounds tested except tioconazole (6).
Moreover, petite mutants were obtained from a wild-type
strain by exposure to ethidium bromide, and these mutants
were shown to be resistant to azoles. The present study was
therefore conducted to explore the relationships between res-
piration and azole susceptibility.

MATERIALS AND METHODS

Yeast isolates and culture conditions. The clinical isolate C. glabrata 90.1085,
obtained from a urine sample and cloned by limiting dilution, was used through-
out. This isolate was maintained by biweekly passages at 37°C on yeast extract-
peptone-glucose (YEPD) agar, containing, in grams per liter, yeast extract, 5;
peptone, 10; glucose, 20; chloramphenicol, 1; and agar, 20.

The isolate was also subcultured twice a week on Casitone agar plates (Bacto-
Casitone, 9 g/liter; glucose, 20 g/liter; chloramphenicol, 0.5 g/liter; yeast extract,
5 g/liter; and agar, 18 g/liter [pH 7.2]) supplemented with 1 mM sodium azide
(Sigma Chemical Co., St. Louis, Mo.). Every five passages, growth on yeast
extract-peptone agar containing glycerol 2% as the sole carbon source and
susceptibility to azole antifungals were evaluated.

Antifungal susceptibility testing. (i) Disk diffusion method. Antifungal sus-
ceptibility was determined by a disk diffusion method on Casitone agar with
antifungal Neosensitab tablets from Rosco Diagnostica (Taastrup, Denmark) as
described previously (6). Briefly, inoculum in sterile distilled water was prepared
from fresh cultures on YEPD agar, and 10 ml of the fungal suspensions was
deposited onto Casitone agar plates. Excess fluid was removed immediately, and
the plates were dried for 15 min at 37°C. Antifungal Neosensitab tablets (con-
taining 8 �g of drug for itraconazole; 10 �g for amphotericin B, clotrimazole,
econazole, isoconazole, and miconazole; 15 �g for ketoconazole; and 50 �g for
nystatin) were then applied to the surface. Following a preincubation period of
30 min at room temperature, plates were incubated for 48 h at 37°C, and the
diameter of the inhibition zones was measured.

(ii) Etest procedure. Susceptibility to fluconazole, ketoconazole, and ampho-
tericin B was also determined by measuring the MICs of the antifungal agents by
the Etest procedure, performed as recommended by the manufacturer (AB
Biodisk, Solna, Sweden). In this assay, one or two colonies from fresh cultures on
YEPD agar plates were suspended in 2 ml of 0.15 M phosphate-buffered saline
(PBS, pH 7.2) to achieve a turbidity comparable to a 0.5 McFarland standard.
The inoculum was swabbed onto Casitone agar plates, which were allowed to dry
for 15 min before the Etest strips were applied. Plates were incubated at 37°C,
and MICs were read after 48 h as the drug concentration at which the inhibition
ellipse intercepted the scale on the antifungal strips.

Respiration measurements. Exogenous respiration of the cells was determined
with stationary-growth-phase blastoconidia (48 h at 37°C) from YEPD agar
plates. After washing in sterile distilled water and enumeration by hemacytom-
eter counts, cells were suspended in 10 mM potassium phosphate buffer (pH 7.4)
containing 20 mM glucose to give a cell density of 109 cells/ml. Oxygen con-
sumption was measured at 37°C with an Oxytherm oxygraph (Hansatech Instru-
ments Ltd., Norfolk, England). Initially, the respiration of approximately 5 � 107

cells in a 1-ml final volume was measured, and the effect of the addition of
potassium cyanide or sodium azide at a final concentration of 1 mM was evalu-
ated. Respiration rates are expressed as nanomoles of oxygen consumed per
milliliter per minute.

Flow cytometry. The respiratory status of the cells was also investigated by flow
cytometry after staining with rhodamine 123 (30). Blastoconidia grown to sta-
tionary phase in YEPD broth were harvested by centrifugation and washed in
PBS. Cells (2 � 106/ml) were then incubated with rhodamine 123 (Sigma) at a
final concentration of 10 �g/ml for 30 min at 37°C under constant shaking. To
inhibit the electron flow of the respiratory chain, cell suspensions were first

incubated for 2 h at 37°C with 1 mM sodium azide before the addition of
rhodamine 123. After washing in PBS, the cell fluorescence was quantified with
a FACScan flow cytometer (BDIS Europe, Erembodegem, Belgium) equipped
with an air-cooled 15-mW argon-ion laser operating at 488 nm. Cell debris were
excluded by gating the blastoconidia on the basis of their rectilinear forward and
side light-scattering properties. The fluorescence intensity was quantified at 535
nm. Each sample was collected in a list mode file of 10,000 events, and data were
analyzed with the CellQuest software from BDIS. The data presented corre-
spond to fluorescence frequency distribution histograms (relative number of
blastoconidia versus relative fluorescence intensity expressed in arbitrary units on
a logarithmic scale).

Transmission electron microscopy. Samples for electron microscopy were
prepared by the method of Aoki et al. (1) with minor modifications. Blasto-
conidia grown on YEPD agar plates were washed with PBS and fixed for 1 h at
room temperature with 2.5% glutaraldehyde (Merck, Darmstadt, Germany)
buffered at pH 7.2 with 0.1 M sodium cacodylate (Sigma). Cells were then
washed with cacodylate buffer and fixed with1.5% KMnO4 (Sigma) for 18 h at
4°C. After washing, the cells were postfixed with osmium tetroxide (SPI Supplies,
West Chester, Pa.) 1% for 2 h at room temperature. Samples were dehydrated
with a graded series of ethanol and embedded in Epon (SPI). Ultrathin sections
were stained with uranyl acetate and examined with a 100 CX JEOL microscope
(Jeol, Paris, France).

mtDNA extraction and analysis. mtDNA was extracted according to a previ-
ously described technique (6), slightly modified. Blastoconidia from 48-h-old
cultures in YEPD broth were pelleted at 500 � g for 5 min. The pellets were

FIG. 1. Oxygen consumption by parent blastoconidia. (A) Effect of
extemporaneous addition (arrow) of 1 mM potassium cyanide (dashed
line) or sodium azide (dotted line). (B) Effect of a 2-h (dashed line) or
4-h (dotted line) preincubation of the cells with 1 mM sodium azide.
The continuous line represents oxygen consumption by the cells in the
absence of an inhibitor.
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washed twice in sterile distilled water and resuspended in 10 ml of buffer A (0.5
M sorbitol, 10 mM EDTA, 50 mM Tris-HCl [pH 7.6]) containing 1 mg of
Zymolyase 100 T (Seikagaku Corporation, Tokyo, Japan) per ml and 0.2%
�-mercaptoethanol. After incubation at 37°C for 1.5 h under constant shaking,
the cellular lysate was transferred to sterile microtubes and centrifuged at 1,000
� g for 10 min. The supernatant containing the mtDNA was then centrifuged at
10,000 � g for 10 min, and the mitochondrial pellet was resuspended in 500 �l
of buffer A and deposited on a 0 to 40% discontinuous Percoll gradient. After
centrifugation at 3,000 � g for 10 min, mitochondria found at the 0 to 20%
interface of the Percoll gradient were then washed four times with buffer A. The
resulting pellet was lysed for 30 min at room temperature by the addition of 600
�l of a 50 mM Tris-HCl buffer, pH 7.6, containing 100 mM NaCl, 10 mM EDTA,
and 1% Sarkosyl. Nucleic acids were extracted by phenol-chloroform, precipi-
tated by isopropanol, and then resuspended in sterile distilled water. RNAs were
eliminated by the addition of DNase-free RNase.

mtDNA was digested with EcoRV (Roche Diagnostics GmbH, Mannheim,
Germany) at 37°C for 2 h in a 20-�l volume with 1 U of the enzyme. Finally, the
digestion products were analyzed by 0.8% agarose gel electrophoresis in TAE
buffer (40 mM Tris acetate, 1 mM EDTA, pH 8.0), stained with ethidium
bromide, and visualized under UV illumination.

RESULTS

Influence of respiratory chain inhibitors. (i) Oxygen con-
sumption. Initially, exogenous oxygen consumption by blasto-
conidia of the clinical isolate 90.1085 was measured at 37°C on
5 � 107 cells. Then an inhibitor of the cytochrome oxidase,
potassium cyanide or sodium azide, was added at a final con-
centration of 1 mM. The results are shown in Fig. 1A. Cells
without inhibitors of the respiratory chain consumed the oxy-
gen in about 7 min. Oxygen consumption was immediately
blocked by the addition of potassium cyanide, whereas sodium
azide had a minor effect, with a respiration rate of 27.6 nmol
ml�1 min�1 versus 39.2 nmol ml�1 min�1 for the control.

As extemporaneous addition of sodium azide only slightly
modified the respiration, the cells were also preincubated with
this inhibitor. Under these conditions, sodium azide led to a
reduction in respiration that was even more pronounced when
the incubation time was longer (Fig. 1B). Indeed, a marked
decrease in the respiration rate was observed after a 2-h incu-
bation of the cells with sodium azide (9.4 nmol ml�1 min�1

versus 20 nmol ml�1 min�1 for untreated cells), and the inhi-
bition of respiration became almost complete when preincu-
bation was prolonged to 4 h.

(ii) Antifungal susceptibility. The influence of potassium
cyanide and sodium azide on antifungal susceptibility was eval-

uated by an agar disk diffusion method with Neosensitab tab-
lets. Ten colonies of the clinical isolate 90.1085 were tested on
Casitone agar plates containing or lacking the respiratory in-
hibitor (final concentration, 1 mM). The addition of potassium
cyanide to the culture medium did not modify the antifungal
susceptibility. This may be related to the persistence of respi-
ration, as attested by growth on glycerol-containing agar sup-
plemented with 1 mM potassium cyanide. Conversely, the ad-
dition of sodium azide, which completely inhibited growth on
glycerol-containing agar, resulted in a significant decrease in
the diameters of the inhibition zones for all the azoles tested,
with a concomitant increased susceptibility to polyenes (Table
1).

Subcultures on Casitone agar containing sodium azide.
Considering the decreased azole susceptibility of the clinical
isolate in the presence of sodium azide, biweekly subcultures
were performed on Casitone agar plates containing 1 mM
sodium azide. After 40 passages, a mutant designated P40,
which did not grow on glycerol-containing agar, suggesting a
respiratory deficiency, was isolated.

FIG. 2. Flow cytometry of rhodamine 123-stained parent (A) and
mutant P40 (B) cells. Yeast cells were preincubated (thick line) or not
(grey area) with 1 mM sodium azide before rhodamine 123 staining.
The fluorescence of cells incubated without the fluorochrome (black
area) is presented as a control.

TABLE 1. Effects of sodium azide on azole susceptibility
of the parent isolate

Antifungal agent

Mean diameter (mm) of inhibition
zonea (SD)

Control Sodium azide-
containing agar

Amphotericin B 28.6 (1.6) 36.8 (1.5)
Nystatin 28.2 (1.5) 37.7 (1.7)
Isoconazole 23.0 (1.4) 17.8 (2.0)
Miconazole 28.6 (1.0)� 26.8 (1.4)*
Clotrimazole 30.6 (1.3) 26.4 (1.6)
Ketoconazole 34.8 (1.0) 29.8 (1.5)
Fluconazole 29.4 (1.3) 21.6 (1.3)
Itraconazole 21.4 (1.3) 17.4 (1.3)

a Results correspond to the mean diameter of the inhibition zones obtained for
10 colonies. Data were analyzed with Student’s t test. P � 0.001 except * (P �
0.01).
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Evidence for respiratory deficiency of mutant P40. (i) Flow
cytometry. Flow cytometric analysis of cells stained with rho-
damine 123, a lipophilic cationic fluorochrome which is incor-
porated into mitochondria through a transmembrane poten-
tial-dependent mechanism, further supported evidence for the
respiratory deficiency of mutant P40. Indeed, incubation of
blastoconidia with this mitochondrial marker resulted in a high
fluorescence intensity for the parent isolate, and a significant
reduction of this fluorescence was observed when cells were
pretreated with the respiratory chain inhibitor sodium azide
(Fig. 2A). Conversely, cells of the mutant were poorly stained
by the fluorochrome, and their fluorescence intensity was not
affected by their pretreatment with sodium azide (Fig. 2B).
Analysis of the cells incubated without rhodamine 123 attested
to the absence of autofluorescence.

(ii) Oxygraphy. Comparison of exogenous respiration of
parent and mutant blastoconidia confirmed the respiratory de-
ficiency. Figure 3 shows that mutant cells did not respire,
whereas parent blastoconidia consumed the oxygen present in
the medium in 10 min.

Mitochondrial origin of the respiratory deficiency. Trans-
mission electron microscopy revealed the mitochondrial origin
of the respiratory deficiency of mutant P40. Indeed, numerous
mitochondrial sections with obvious cristae were present in the
blastoconidia of the parent isolate (Fig. 4A, arrowheads),
whereas mutant cells exhibited no mitochondria (Fig. 4B).

The mitochondrial origin of the respiratory deficiency was
finally confirmed by mtDNA analysis. Great differences were
observed between parent and mutant cells. Indeed, restriction
endonuclease analysis of the mtDNA performed with EcoRV
resulted in two restriction fragments of about 20 and 5 kbp for
the respiration-competent isolate (Fig. 5, lane 1), while no
mtDNA was detected for blastoconidia of the respiration-de-
ficient mutant (Fig. 5, lane 2).

Antifungal susceptibility pattern of mutant P40. (i) Disk
diffusion method. In vitro antifungal susceptibility testing per-
formed by the agar disk diffusion method revealed distinct
susceptibility patterns for the parent and mutant isolates. The

parent isolate, which showed well-defined inhibition zones, was
sensitive to all the antifungals tested (Fig. 6A). However, re-
sistant colonies randomly distributed within the inhibition
zones were seen for the azoles, some even growing in direct
contact with the antifungal tablet. Conversely, mutant P40 was
completely resistant to all the azole compounds tested and
strikingly remained sensitive to polyenes, with larger inhibition
zones than the parent isolate (Fig. 6B).

(ii) MIC determination. Determination of MICs by the
Etest method confirmed these results. Mutant P40 exhibited
complete resistance to the azoles tested (ketoconazole MIC,
	32 �g/ml, and fluconazole MIC, 	256 �g/ml, versus 0.5 and
32 �g/ml, respectively, for the parent isolate). Likewise, the
mutant showed a greater susceptibility to amphotericin B, with
a MIC of 0.008 �g/ml, whereas it was 0.032 �g/ml for the
parent isolate.

DISCUSSION

Antifungal resistance mechanisms have been extensively
studied in the pathogenic yeast C. albicans. However, as a

FIG. 3. Oxygen consumption by parent (solid line) and mutant P40
(dashed line) blastoconidia. Comparison of the respiration rates showed
a marked decrease in oxygen consumption by the mutant cells (1.5
nmol ml�1 min�1 versus 27.3 nmol ml�1 min�1 for the parent cells).

FIG. 4. Transmission electron micrographs of parent (A) and mu-
tant P40 (B) cells. Note the absence of mitochondria in the respiration-
deficient blastoconidia compared to the numerous mitochondrial sec-
tions with obvious cristae (arrowheads) in the parent cells. N, nucleus.
Bars, 1 �m.
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consequence of the wide use of azole antifungals in prophylaxis
and therapy of candidosis, other yeast species have emerged in
medical pathology, particularly C. glabrata, which is usually less
susceptible and sometimes resistant to azoles.

Previous in vitro experiments performed in our laboratory
established a close relationship between azole resistance in C.
glabrata and mtDNA deficiency (6). All the mutants randomly
selected for resistance to fluconazole or ketoconazole proved
to be completely resistant to all the azoles tested except tio-
conazole and exhibited respiratory deficiency due to total or
partial deletion of the mtDNA. Likewise, petite mutants in-
duced by ethidium bromide were revealed to be completely
resistant to the azoles except tioconazole.

In order to specify the relationships between respiration and
azole susceptibility, we evaluated the respiration of a wild-type
isolate of C. glabrata in the presence of different inhibitors of
the mitochondrial respiratory chain and their effects on anti-
fungal susceptibility. Potassium cyanide immediately blocked
oxygen consumption by the blastoconidia but did not modify
the antifungal susceptibility pattern. This may be related to its
inactivation in agar-based media or to an alternative cyanide-
insensitive respiratory pathway induced upon exposure of cells
to this inhibitor, as occurs for C. albicans (28). Conversely,
sodium azide completely inhibited respiration and reduced the
susceptibility to azoles. Likewise, 40 biweekly passages of the
wild-type isolate on Casitone agar plates supplemented with
sodium azide resulted in a respiration-deficient mutant of mi-
tochondrial origin, presenting resistance to all the azoles
tested.

Cytoplasmic petite mutants of Saccharomyces cerevisiae have
been known for many years (8), and more recently such mu-
tants of C. glabrata and some petite negative yeasts such as C.
albicans have been found. Interestingly, petite mutations are
associated with a decreased susceptibility of yeasts to various
chemicals, such as tannic acid or the alkaloid lycorine (7, 37).
Likewise, Gyurko et al. (11) recently demonstrated that respi-
ration-deficient mutants of C. albicans were resistant to hista-
tin 5, a small cationic salivary antimicrobial peptide, mitochon-
drial ATP synthesis being required for effective killing activity
of this salivary peptide.

Strikingly, petite mutations may also lead to acquired resis-
tance to commercially available azole antifungals. For instance,
fluconazole activity in S. cerevisiae requires the combination of
an efficient 
5,6-sterol desaturase (Erg3p) and intact mitochon-
dria. Petite mutants of S. cerevisiae therefore present an ac-
quired resistance to fluconazole involving an active oxidative
phosphorylation, according to Kontoyiannis (13). In C. gla-
brata, Sanglard et al. (24) recently showed that the high fre-
quency of azole resistance acquired in vitro after exposure to
fluconazole was linked with mitochondrial loss and with the
subsequent upregulation of the ATP-binding cassette trans-
porter genes CDR1 and CDR2. Indeed, it is well known that
the functional state of mitochondria influences nuclear gene
expression in yeasts (18); for instance, petite mutations induce
the overexpression of genes encoding membrane transporters
in S. cerevisiae as well as in C. glabrata (24, 32).

In contrast to the cross-resistance to azoles, the respiration-
deficient mutant described here exhibited a significant increase
in susceptibility to polyenes, the diameter of the inhibition
zones being statistically greater for the mutant than for the

parent isolate. This greater susceptibility to polyenes, which is
a common feature of all petite mutants of C. glabrata that we
tested (6), may be related to an increased membrane content
of ergosterol, the target of these antifungals. Sterol analysis of
petite mutants selected by exposure to fluconazole or induced
by ethidium bromide treatment revealed a marked increase in
the ergosterol content compared to the parent strains (data not
shown). However, one may also speculate on increased syn-
thesis of ergosterol in response to the inhibition of respiration
by sodium azide. Indeed, ERG11 is a member of the hypoxic
gene family (33), and the synthesis of ergosterol is therefore
enhanced under hypoxic conditions. Interestingly, previous
studies reported increased expression of the ERG11 gene for
azole-resistant isolates of C. glabrata and C. albicans (15, 38).

A wide range of chemical compounds have been described
as inducers of the petite phenotype in S. cerevisiae (9). Most of
them are effective petite mutagens on growing yeasts, inducing
partial or total loss of the mitochondrial genome by interca-
lating into the mtDNA. Thus, petite mutants are easily ob-
tained with ethidium bromide as well as propidium iodide or
other intercalating agents such as acridine derivatives. How-
ever, intercalation is not necessary for petite mutagenesis, and
some DNA-alkylating agents have also been used. Moreover,
the induction of petite mutations may also result from the
inhibition of protein synthesis. For example, chloramphenicol
and erythromycin inhibit the translation and therefore the syn-
thesis of proteins encoded by the mitochondrial genome by
binding to the mitochondrial ribosomes of yeasts (40). This
inhibition of protein synthesis by antibiotics, as well as the
blockage of the enzyme activity of these proteins by sodium
azide, would lead to the accumulation of reactive oxygen spe-
cies in mitochondria and therefore to oxidant damage of the
mtDNA.

Together, these results demonstrate a close relationship be-
tween respiration and azole susceptibility in C. glabrata, since
the blockage of complex IV of the respiratory chain by sodium
azide is sufficient to induce decreased susceptibility to azoles,
probably through upregulation of the expression of nuclear
genes encoding the efflux proteins. Likewise, exposure of the
wild-type isolate to sodium azide leads to deletion of the
mtDNA with a correlated acquired resistance to azoles after

FIG. 5. Electrophoretic patterns of mtDNA of parent (lane 1) and
mutant P40 (lane 2) cells. mtDNA was analyzed by agarose gel elec-
trophoresis after digestion with EcoRV. Lane M, molecular size mark-
ers (Marker III; Roche Molecular Biochemicals, Meylan, France).
Sizes are shown in base pairs.
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several passages. This mechanism could also explain petite
mutagenesis due to azoles because a direct action of micon-
azole and ketoconazole on respiration has already been dem-
onstrated in C. albicans with intact blastoconidia or isolated
mitochondria (29, 31, 34).

The clinical relevance of these petite mutations, which may
occur in vivo in patients undergoing fluconazole therapy or
prophylaxis (5), remains to be defined. Works are in progress
to specify the mechanisms of azole resistance of these petite
mutants and to evaluate their adherence abilities and their
virulence.
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